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© Mlcrolenses. 

© An array of microlenses is formed at the cros- 
spoints (15) of two orthogonal sets of "D-fibre" (10- 
14; 20-24). Such lens arrays have application, for 
example, in optical space switches. 
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MICROLENSES 



The present invention relates tQ microlenses, 
particularly, but not exclusively, for use in optical 
fibre based communications systems. 

Lenses are commonly required in optical sys- 
tems for such purposes as collimating or focussing 
light in order to optimise the performance of optical 
connections, for example. One method of providing 
a lens to improve the optical coupling between a 
fibre and another optical component comprises fus- 
ing a bead on the end of the fibre. The fused bead 
then approximates a spherical lens. 

However, where a large number of lenses with 
closely matched properties are required, for exam- 
ple in optical switches, the need for individual fab- 
rication renders such lenses inconvenient. A tech- 
nique for fabricating lens arrays has been de- 
scribed by Shiono et al in an article entitled 
"Rectangular-apertured. micro-Fresnel lens arrays 
fabricated by electron-beam lithography", Applied 
Optics, Vol. 26, No. 3, February 1987. This tech- 
nique is relatively very complex and requires 
specialised apparatus to implement. 

Another lens array has been described in a 
United State patent, US 3899778. The patent dis- 
closes a multiple lens array which comprises simi- 
lar halves of plastic substrates carrying parallel 
corrugations or cylinders on one face. The array 
halves are oriented with the faces carrying parallel 
corrugations or cylinders on one face. The array 
halves are oriented with the faces carrying the 
corrugations crossed at 90° and brought together 
to provide a square lenslet at each intersection of 
the corrugations. A disadvantage of this known lens 
array,, is that it is necessary to use complex ma- 
chining techniques to form a master mold for an 
array half. A further disadvantage is that there is 
very little versatility regarding the size of an array. 

It is an object of the present invention to pro- 
vide a lens assembly which may . be simply con- 
structed, which offers versatility in the size of . an 
array and which is especially suitable for forming 
arrays of lenses with consistent properties. 

According to the present invention a lens as- 
sembly comprises at least one first length of op- 
tical fibre placed substantially orthogonally across, 
and in optically cooperating proximity with, a plural- 
ity of further lengths of optical fibre such that a 
plurality of lenses are provided at crosspoints be- 
tween the first and further optical fibres. 

The invention arises from the inventor's appre- 
ciation that it is possible to form a lens at the 
intersection between two orthogonal lengths of op- 
tical fibre. The major axis of a lens so formed is 
then mutually orthogonal to both the longitudinal 



axes of the fibres at the crosspoint. If the fibres are 
not perfectly orthogonal at the crosspoints, iensing 
action may still be achieved but, as the angle 
between the fibres at the crosspoints departs from 
s the perpendicular, the effects of distortion increas- 
ingly degrade the lens performance. 

Lens assemblies according to the present in- 
vention are readily fabricated, and provide a conve- 
nient implementation of lens arrays wfth consistent. 

m optical properties. 

The invention also offers the advantage of ver- 
satility, as it is possible to implement lens assem- 
blies according to the invention in a great variety of 
configurations, by simply adding or removing fibres 

rs from the assembly. . 

Conveniently, where an array of lenses with 
parallel axes is required, the further lengths of 
optical fibre may be coplanar with each other such 
that the axes of the lenses formed at the cros- 

20 spoints are parallel. Alternatively, for example, the 
lens axes may be set at different angles by arrang- 
ing that the further lengths of optical fibre are not 
coplapar. . - 

Jn order for orthogonal fibres to provide useful 

25 Iensing effects they must be close enough together 
at the crosspoints. If they are too far apart then, in 
use, most of the light passing through a first fibre 
will no longer also pass through an adjacent further 
fibre, thereby causing inefficient, lossy operation. 

30 ' Preferably, therefore, the fibres are close enough at ' 
the crosspoints such that most of the light passing 
through the first fibre of a lens also passes through 
, the further adjacent fibre. It is to be understood 
that, as defined in this specification, the fibres are 

as then said to be in optically cooperating proximity 
according to the invention. 

Generally, the . fibres forming the lenses will be 
within a distance of the order of a fibre diameter of 
one another at the crosspoints. In some embodi- 

40 ments the fibres may actuajly be in contact at the 
crosspoints. For a particular lens assembly, where 
necessary, the preferred separation can be readily 
determined by experiment. " . 

It is generally desirable- to reduce unwanted 

45 reflection effects in lens assemblies. To assist in 
this aim, any gaps which may exist between fibres 
at the crosspoints may be filled with an appropriate 
index matching compound. Alternatively or addi- 
tionally, for example, the fibre surfaces may be 

so provided with a proprietary thin-film anti-reflection 
coating. 

A lens assembly according to the present in- 
vention having only one first length of optical fibre 
will generally provide a linear array of lenses. A two 
dihnensional lens array may be readily formed by 
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adding more lengths of optical fibre parallel to the 
first length. 

Accordingly, for example, a lens assembly 
comprising H first lengths of optical fibre and M 
further lengths of optical fibre arranged such that 
every first length of fibre crosses every further 
length of optical fibre will provide an NxM array of 
lenses. 

One advantage of the present invention is that 
techniques for forming optical fibres are well 
known. It is relatively simple matter to produce 
lengths of fibre having uniform dimensions and 
optical properties. Consequently, lens arrays, may 
be produced according to the invention with very 
consistent and predictable properties. 

It is not essential for any of the optical fibres to 
be formed as a conventional, self-contained 
waveguide with guiding core and surrounding clad- 
ding of differing refractive indices. However, it is 
necessary that light at a desired operating 
wavelength can be transmitted through the fibres 
orthogonally to their longitudinal axes in order for 
the crosspoint lenses to function. 

Preferably the fibres are glass optical fibres. 

The optical fibres may be circular in cross- 
section. Alternatively, for example, the optical fibres 
may have surfaces which present differing sec- 
tional radii of curvature along the axes of the cros- 
spoint lenses thereby allowing the construction of 
lenses having predetermined, modified optical 
properties as may be desired. Fibres with non- 
circular cross sections may be fabricated by appro- 
priately shaping a fibre preform, for example, be- 
fore drawing the optical fibre as is well-known in 
the art. " 

In One .embodiment the first length of optical 
fibre is a piano-cylindrical, so-called "D-fibre" with 
one convex, cylindrical surface and one planar sur- 
face and the further lengths of optical fibre are 
likewise "D-fibres", the crosspoint lenses being 
formed by arranging the' fibres orthogonally with 
their planar surfaces face to face. As noted above, 
the planar surfaces may or may not actually be in 
contact at the crosspoints. 

Lens assemblies according to the invention 
have especial application, for example, in the con- 
struction of optical space switches. 

Embodiments of the invention will now be de- 
scribed in detail, by way of example only, with 
reference to the accompanying drawings in which: 

Figure 1 is a perspective view of one con- 
figuration of a lens assembly according to the 
invention; 

Figure 2 is a photograph illustrating the fo- 
cussing action of one of the lenses formed in the 
Figure 1 configuration; 



Figure 3 is a perspective view of an alter- 
native configuration of a lens assembly according 
to the invention; 

Figures 4a and 4b are perspective and plan 
s views respectively of a further alternative embodi- 
ment of the present invention; 

Figure 5 is a perspective view of a cros- 
spoint between two fibres of different dimension; 
and 

io Figures 6 and 7 are cross-sectional views of 

two types of fibre which may be used in construct- 
ing a lens assembly according to the invention. 

Figure 1 illustrates a lens assembly comprising 

is a set of five piano-cylindrical "D-fibres" 10-14 
aligned mutually parallel and orthogonal to a sec- 
ond set of five further piano-cylindrical fibres 20-24 . 
such that the planar surfaces of each set are in 
abutment. This assembly provides a 5 x 5 array of- 

20 twenty-five crosspoint lenses. For clarity, only one 
of these, labelled 15, is indicated at the crosspoint 
between fibres 10 and 20; The major axis of the 
lens 15 so formed is shown by the line 25 passing 
through the crosspoint. 

25 Figure 2 is a photograph of the lens 15 illumi- 

nated in the direction illustrated in Figure 1 show- 
ing" the lensing action at the crosspoint between the . 
fibres 1 0 and 20. 

It is not necessary for all the lens axes in a 

30 lens assembly to be in the same direction. Figure 3 
illustrates an assembly with two piano-cylindrical 
fibres 31 , 32 each separately arranged orthogonally 
to one cylindrical fibre 30. thereby forming two 
. lenses with axes 33 and 34 respectively in different 

3S directions. 

The flexibility of optical fibres themselves also 
allows considerable freedom in forming lens as- 
semblies according to the present invention in dif- 
ferent configurations. • 

40 For example, in the embodiment of Figures 4a 

and 4b a single planb-cylindrical fibre 40 fs carved " 
arpund, and orthogonal to, four further fibres 41-44 
to form four lenses with axes 46-49 coincident at a 
single point 45. Such a configuration might be 

45 ' useful, for example, where a point source is re- 
quired to feed into' several output waveguides. In 
this instance the point source would then be posi- 
tioned at the point 45 and the outputs could be via 
four waveguides suitably arranged on the axes 46- 

50 49 on the opposite side of the crosspoint lenses to 
the point source..' 

A further advantage of the present invention is 
the freedom to choose the properties of the cros- 
spoint lenses as desired by appropriately selecting 

55 the dimensional and optical characteristics of the 
fibres forming the crosspoints. For example, the 
fibres may be chosen to have differing radii of 
curvature. 
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Figure 5 illustrates a lens formed at the cros- 
spoint 53 of two piano-cylindrical fibres 51 , 52 each 
with a different cylindrical radius of- curvature r A 
and r B respectively. . 

The optical properties of the fibres may also be 
altered by doping at manufacture. Doping tech- 
niques are well known for forming waveguide cores 
in optical fibres; These techniques, therefore, may 
be conveniently adapted to make fibres which 
present a graded index profile specifically designed 
to reduce lens aberrations, for example, or to other- 
wise modify the lens properties of assemblies ac- 
cording to the invention! Other adaptations will be 
apparent to those skilled in the art. 

Fibres useful in constructing a lens assembly 
according to the invention may have complex 
cross-sections to allow the properties of crosspoint 
lenses to be further modified as desired. 

Figures 6 and 7 show two example fibre sec- 
tions. In Figure 6, the fibre 61 is concavo-convex 
with radii of curvature r c (concave) and r c ' - 
(convex). In Figure 7, the fibre 71 is convex-convex 
with radii of curvature r 0 , r 0 ', as shown. It will be 
recognised that piano-cylindrical fibres also effec- 
tively have two radii of curvature, the radius of the 
planar surface being infinite. These and other fibres 
with non-circular cross-section may be formed, by 
appropriate shaping of a fibre preform before draw- 
down, by techniques known in the art. When a fibre 
is drawn from a preform the quality of the fibre 
surface may be very closely controlled and an 
annealed surface finish of very high quality is read- 
ily achieved, there is then no need for especially 
polished surfaces, for example, as there, is with 
conventional lenses. 

Other techniques may also be useful in fabrica- 
tion of embodiments of the invention. For example, 
the assembly of Figure 1 may be formed by fixing 
each set of fibres in an appropriate transparent 
matrix (with a refractive index less than that of the 
fibres) and providing the abutting . surfaces using 
methods known for fabricating polished couplers. 

It will be appreciated that the present invention' 
allows arrays of juxtaposed but spatially separated 
collimating lenses of any desired size to be easily 
and conveniently fabricated. Such arrays have ap- 
plication in, for example, wavelength division mul- 
tiplexers, demultiplexers, and optical space-switch- 
es. Other applications will be apparent to those 
skilled in the art. ■ 



such that a plurality of lenses are provided at- 
crosspoints between the first and further optical 
fibres. 

2. A lens assembly comprising N first lengths 
s of optical fibre and M further lengths of optical-fibre 
arranged such that every first length of fibre has a 
lensing crosspoint with every further length of op- 
tical fibre thereby to provide an NxM array of 
lenses. 

10 3. A lens assembly according to claim 1 or 2 

wherein the further lengths of optical fibre are sub- 
stantially coplanar. 

4. A lens assembly according to claim 1 or 2 in 
which a first length of optical fibre is curved in a 

15 plane orthogonal to the longitudinal axes of the 
further fibres at the crosspoints thereby to provide 
a curved array of lenses. 

5. A lens assembly according to any preceding 
claim comprising at least two lengths of optical 

20 fibre with differing cross-sections. 

6. A lens assembly according to any preceding 
claim including a piano-cylindrical optical fibre. 

7. A lens assembly according to claim 6 in 
which all first and further lengths of optical fibre are 

25 piano-cylindrical and the planar surfaces of the first 
and further lengths of optical fibre are face to face. 

8. A lens assembly according to any preceding 
claim including a glass optical fibre. 

9. A lens assembly -according to any preceding 
so claim including a fibre having a non-uniform refrac-' 

tive index profile. 

10. A lens assembly substantially as herein- 
before described and with reference to the accomr 
panying drawings. 

35. 
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1. A lens assembly comprising at least one first 
length of optical fibre placed substantially ortho- 
gonally across, and in optically cooperating proxim- 
ity with, a plurality of further lengths of optical fibre 
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